Abstract
Introduction
Over the years, heavy metals pollution on water bodies has become one of the most serious environmental problems. The presence of some heavy metals even in traces is toxic and detrimental to both plants and animals. Metals may accumulate to toxic level and cause ecological damage (Jefferies and Firestone, 1984) . Metals are carried into food web as a result of leaching from waste dumps, polluted soils and water. The toxicity of metal ion is owing to their ability to bind with protein molecules and prevent replication of DNA and thus subsequent cell division (Kar et al., 2003) . Cr (VI) is toxic because it diffuses through the epidermis. Thus the removal is of great importance to human.
Techniques currently in existence for removal of Cr (VI) from contaminated waters include: reverse osmosis, electrodialysis, ultrafiltration, ionexchange, chemical precipitation and so on. However, these techniques are expensive, not environmentally friendly while the use of microorganisms with adsorption principle offers a costeffective and environmental friendly approach (Qazilbash et al., 2006; Adebayo et al., 2010) .
Immobilization of the biomass improves the mechanical strength of the biomass, and reduces resistance to fluid flow. This work therefore investigated the influence of experimental conditions, equilibrium and Kinetics on removal of Cr (VI) from aqueous solution using immobilized B. subtilis and P. aeruginosa.
Materials and Method

Biosorbent Preparation
B. subtilis and P. aeruginosa strains were collected from culture centre of the Department of Microbiology, University of Ilorin, Nigeria. They were grown and maintained on both nutrient broth and nutrient agar. They were cultivated at 29 o C in medium containing: 20 gL -1 soluble starch; 10 gL -1 beef extract; 2 gL -1 yeast extract; 5 gL -1 peptone; 5 gL -1 NaCl. (pH adjusted to 7.2). After a 72 h of incubation at 27 o C, biomass were harvested by centrifugation at 10,000 rpm for 10 minutes, washed twice with deionized water and then dried for 24 h at 70 °C in an oven. The dried biomass was then crushed to a fine powder and stored in an air tight pack (Sivaprakash, et al., 2009) .
Biomass Immobilization
A 2% (w/v) sodium alginate solution was prepared under constant agitation to form slurry which was allowed to stand for 20 mins to eliminate any trapped air. A range of 0.01 -0.07 g quantities of biomass cultures were added under agitation conditions to obtain a uniform mixture. The calcium alginate-bacteria biosorbent beads were prepared by injecting in drops 4 ml of 2% slurry into 2% w/v CaCl 2 solution. The beads were allowed to cure for 2 h at 4 o C and washed repeatedly with deionised water to remove excess calcium ions (Mahamadi and Zambara, 2012) .
Biosorbent Characterization
Each of the biosorbents was subjected to triplicate physico-chemical characterization:
A 2.5 g of each biosorbents was weighed separately and dissolved in 50 ml of deionized water. The pH and conductivity of each filtrate as well as bulk density, moisture and ash contents of each adsorbent were determined using standard methods (Okeimen et al., 2004; Gutha et al., 2012) .
Point of Zero Charge (PZC) was determined by mixing 3.0 ml of 0.1 M KNO 3 solution and 6.0 ml of deionized water and placed in each of two 20 ml beakers. The pH of the two solutions was measured. A 1.0 ml of 0.01M KOH solution was added to one beaker (blank) and to another beaker (sample); and their pH was measured. A 0.05 g of each biosorbents was added to the sample container and its pH was also measured. The blank and the sample were titrated with 0.01M HNO 3 solution. The graph of pH versus volume of HNO 3 was plotted on the same graph for both blank and sample and the pH point where the two curves intersected was taken as the point of zero charge (Vakros et al., 2002) . (iii) Cation exchange capacity (CEC) was determined by addition of 50 ml of 0.5 M HCl solution to 0.6 g of each of the samples and shaken rigorously. The mixture was then filtered and the residue washed with deionized water until the filtrate was free from acid and chloride ions. The moistened sample was then transferred into separate 100 ml flask and was shaken at room temperature with 50 ml of 0. (iv) Iodine numbers of biosorbent types were determined by the modified AWWA procedure (AWWA, 1991) . The modification adopted was 5 minutes centrifugation of each biosorbent -iodine mixtures before titration with sodium thiosulphate solution using starch indicator.
Methylene blue (MB) adsorption capacities of biosorbent were measured (ASTM, 1989a) while surface area, pore volumes and pore size distribution of the biosorbent types were measured by N 2 adsorption at 77K using the Brunauer −Emmett − Teller (BET) method. A Perkin Elmer 1600 Series FTIR Spectrophotometer Model 1615 was also used in the evaluation of functional groups present on the biosorbent types after crushing with KBr pellet.
Stock solution preparation
A 1000 mg/L of Cr (VI) solution was prepared by dissolving 2.829 g of K 2 Cr 2 O 7 (potassium dichromate) crystals in 50 ml of deionized water in a 250 ml beaker and made up to 1 L standard flask mark with deionized water. Other concentrations were obtained from the stock by serial dilution.
Biosorption experiments Factors affecting biosorption
Adsorption experiments were conducted at various pH, contact time, temperature, and initial Cr (VI) concentration in 100 mL conical flasks using 0.01g of the adsorbents and total volume of the each reaction mixture was 30 ml. The pH of solution was maintained at a desired value by adding 0.1 M NaOH or 0.1M HNO 3 .
Time-dependence studies
The kinetics study was carried out with 30 ml volumes of 30 mg/L initial Cr (VI) ion concentration, 0.01g adsorbent dose and pH 2. The mixture were agitated at 140 rpm and 30 o C using various contact time (2-120 min). At predetermined time, the flasks were withdrawn from the shaker and the reaction mixtures were centrifuged.
Temperature-dependence and isotherm studies
The experiments were performed at 30 to 55 o C while adsorption isotherm study was performed using various concentrations of Cr (VI) solutions (5 -35 mg/L).
Analysis of Chromium (VI) ion
The filtrates were analyzed for residual metal concentrations using UVVisible spectrophotometer (Beckman Coulter DU 730). The sorption capacity, q e for each of the factors was then determined using the equation:
where C o is initial metal ion concentration, C e is equilibrium metal ion concentration, V is in L and m is the mass of bio-sorbent. A 0.25 % w/v solution of 1, 5-diphenylcarbazide was prepared in 50 % acetone. A 15 ml each of the sample solutions containing (5-35 mg/l) concentrations of Cr (VI) was then pipetted out into 25 ml standard flasks. A 2 ml of 3 M H 2 SO 4 was added followed by l ml of 1, 5-diphenylcarbazide and the total volume was made up to 25 ml using deionised water. Maximum absorbance was recorded at 540 nm using a UVvisible spectrophotometer (Beckman Coulter DU 730). A standard calibration curve was then drawn in the range of 5-35 mg/L by plotting absorbance against concentration of chromium (VI) (Sivaprakash et al., 2009) . By extrapolation, other concentration values were determined.
Results and Discussion
Physicochemical characterization of biosorbents
The pH of all the biosorbents fell within similar range of 6.8 -7.0 which indicates that they are slightly acidic or neutral while their PZC are less than their pH value. Their conductivity values are low (0.86 -1.63 mS/cm). The bulk density and CEC of IPBS was highest while that of AIBS was the lowest (Table  1) .
However, the prepared biosorbent densities were all found to be higher than 0.25 g/mL minimum bulk density requirement for their application as good adsorbent for treatment of municipal and waste water (AWWA, 1991) . Moisture content and ash content of prepared biosorbents were high and are within range of 12.39 -14.60 % and 9.3 -12.5 % respectively (Petrov et al., 2000) . (Petrov et al., 2000; OlivaresMarín et al., 2006) .These functional groups might be more responsible for removal of the chromium metal than through pores or available surface area of the biosorbents (Suguna and Kumar, 2013 
Effect of experimental conditions Effect of initial Cr (VI) ions concentrations
The effect of initial Cr (VI) ions concentrations on uptake capacity Qe (mg/g) for biosorbents can be seen that increase in uptake capacity with increase in concentration was obtained. This is due to higher availability of Cr (VI) ions in the solution for biosorption and the affinity it has for the bio-sorbent ( Figure  2) Equilibrium time was attained at 60 mins which corresponded to the uptake capacity of 41.61, 38.64, 37.89 and 32.10 mg/g for IBBS, IMBS, IPBS and IABS respectively. This could be attributed to the fact that uptake of the Cr (VI) ions was at the surface of the beads which explains the rapid initial adsorptions observed at 2 mins while the second phase represents the diffusion of the Cr (VI) ions into the beads which needs more time because of the high mass transfer resistance (Wu et al., 2004; Soni and Gupta 2011) .
Effect of biosorbent dose on Cr (VI) ions biosorption
The effect of biosorbent dose range of (0.01 -0.07 g) on uptake capacity of Cr (VI) ions using IBBS, IMBS, IPBS and IABS biosorbents showed that uptake capacity increased with decrease in the biosorbent dose (Fig.4) . Maximum uptake capacity was achieved at the biosorbent dose of 0.01g for each of the biosorbents. The decrease in Cr (VI) uptake with increasing biosorbents dosages may be as a result of available Cr (VI) ions that are insufficient to cover all the exchangeable sites on the biosorbents surface. It could also be attributed to aggregation of sorbent particles at higher concentrations, which would lead to decrease in the surface area and an increase in the diffusion path length (Shukla et al., 2002) . Similar result was reported when the uptake capacity of Cr (VI) was decreased from 15.57 to 13.48 mg/g when B. subtilis biosorbent dose was increased from 1.0 to 3.0 g/L (Sivaprakash et al., 2009) .
Effect of pH on biosorption of Cr (VI) ion
The value of pH ZPC for IBBS, IMBS, IPBS and IABS were determined to be 6.3, 6.2, 6.3 and 6.6 respectively (Table  1) . It has been reported that sorption of cations is favoured at pH > pH PZC , while the sorption of anions is favoured at pH < pH PZC . The specific adsorption of cations shifts pH PZC towards lower values, whereas the specific uptake of anions shifts pH PZC towards higher values . It can be observed that the highest uptake capacity for Cr (VI) was obtained at pH 2 which corresponded to uptake capacity of 34.02 mg/g, 33.30 mg/g, 32.82 mg/g and 22.44 mg/g for each of IBBS, IMBS, IPBS and IABS biosorbents respectively. There was a decrease in the amount of Cr (VI) adsorbed as the pH increased ( Fig  5) (Soni and Gupta, 2011) . At low pH values the surface of the adsorbent is saturated with protons thereby making the surface of the biosorbent to be positively charged, which enhanced the adsorption of the negatively charged Cr oxyanions onto the surface of the bio-sorbent (Gupta and Babu, 2009; Ilesanmi et al., 2013) . 
Effect of temperature on Cr (VI) ions biosorption
As temperature increased from 305 to 328 K, it can be observed that the uptake capacity of the various sorption systems decreased from 38.85 to 27.27 mg/g, 44.88 to 29.43 mg/g, 41.76 to 30.18 mg/g and 17.85 to 6.99 mg/g for IBBS, IMBS, IPBS and IABS biosorbents respectively indicating physical adsorption process [ Fig. 6(a -d) ] (Sag and Kutsal, 1996) .
Adsorption Isotherms study
The analysis of the isotherm data by fitting them into different adsorption isotherm models is an important step in finding a suitable model that can be used for design purpose.
Freundlich isotherm
The Freundlich isotherm equation is given as:
where q e is the amount adsorbed at equilibrium in (mg/g), C e is the equilibrium residual Cr (VI) concentration. A plot of log q e against log C e gave a straight line which indicated the conformation of the experimental data to the Freundlich adsorption isotherm ] (Schwarzenbach et al., 2003) . The biosorption processes for all the biosorbents are favourable since values of 1/n (sorption intensity) obtained fell below 1 and their correlation coefficient, R 2 is within range of 0.96 -0.99. Their Freundlich biosorption capacity, K f fell within range of 1.461 -2.033 mg/g ( Table 2 ). The Cr (VI) ions sorption isotherm data fitted into the Freundlich model better than the other two models. This is reflected in the values of their correlation coefficients R 2 , obtained for each isotherm (Table 2) 
Langmuir adsorption isotherm
The Langmuir model assumes that the uptake of metal ions occurs on a homogeneous surface by monolayer adsorption without any interaction between the adsorbed ions. Its linear form is as follows: 
where, q o (mg/g) is the maximum adsorption capacity, b (L/mg) is a constant related to the affinity of binding sites or bonding energy. The plot of C e /q e versus C e gave a straight line [ Fig. 8(a-d) ] with lower R 2 values of 0.85, 0.84 and 0.95 for IBBS, IPBS and IMBS respectively (Schwarzenbach et al., 2003) . (Table 2) .
Temkin adsorption isotherm
The Temkin isotherm has been used in the following linearized form:
Where
, q e is the amount adsorbed at equilibrium and C e is the residual equilibrium concentration, T is the absolute temperature (K) and R is the gas constant (8.314 J mol -1 K -1 ). The linear plots of qe versus log Ce enabled the determination of the constant 168, -15.970, -9.654 and -12 .807 mg/g respectively.
Adsorption kinetics
The effects of contact time at pH of 2, 30 mg/l initial concentration and different temperatures on chromium removal were analyzed from the kinetic point of view using the following kinetic models: pseudo-first order, pseudo-second order, Elovich and the intra-particle kinetic models.
Pseudo-first order equation
The linearized pseudo-first order is given by:
Where, q e and q t are the adsorption capacity at equilibrium and after time t, respectively (mg/g); k 1 is the rate constant for pseudo first-order (L/min). When the values of log (q e -q t ) are linearly correlated with t, a straight line which indicates a good fit for the pseudo-first order kinetic model is obtained (Fig. 10) . k 1 and qe can be determined from the slope and intercept of the plot, respectively (Table 3) .
Pseudo-second order equation
The linearized pseudo-second order kinetic is expressed as (Ho and Mackay, 2000) : 18.06 37.89 0.4159 k 1 is pseudo-first order rate constant, Q e cal and Q e exp are the calculated and experimental equilibrium uptake capacities, T is the absolute temperature and R 2 is correlation coefficient.
The plot of (t/q t ) against t using equation (7) gave a linear relationship from which qe and k 2 were determined from the slope and intercept of the plot, respectively (Fig. 11 , Table 4 ).
Elovich kinetics model
The Elovich model describes the chemical nature of the adsorption and is generally expressed as (Günay et al., 2007) : k 2 is pseudo-second order rate constant, Q e cal and Q e exp are the calculated and experimental equilibrium uptake capacities, T is the temperature.
By applying the boundary conditions qt = 0 at t = 0 and qt = qt at t = t, the integrated form of Equation. (8) is: ) ln( 1 ) ln( 1 t q t β αβ β + = (9) The plot of qt vs ln(t) yielded a linear relationship with a slope of (1/β) and an intercept of (1/β)ln(αβ), (Fig. 12) and its values are summarized in Table 5 . 
Conclusion
The B. subtilis and P. aeruginosa immobilized with sodium alginate may be inexpensive and effective biosorbent for the removal of Cr (VI) ions from water bodies. The physicochemical properties (bulk density, CEC) of the biosorbents compared favourably with those of the commercial biosorbent resins. The biosorption of Cr (VI) was found to be dependent on initial metal concentration, biosorbent dose, contact time, pH and temperature. Equilibrium conditions were established after contact time of 1 hour, pH 2; and biosorbent dose of 0.01g. The sorption capacity of Cr (VI) is highest in IBBS followed by IMBS which may be attributed to a thicker peptidoglycan layer in the gram positive organism. The kinetic data were
